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Abstract                                
We present results from the first stages of a detailed three dimensional analysis of the geologic CO2 sequestration 
potential of the Rock Springs Uplift (RSU), located in south-western Wyoming.  This site is of particular interest because of the 
collocated 2.1 GW Jim Bridger coal burning power plant and the possibility of additional power plants being developed in the 
area to take advantage of the abundant coal reserves in the RSU region (i.e. the Southern California Edison CEPL project).   
The Rock Springs Uplift is a huge asymmetric dome structure with two superior target sequestration reservoirs located 
beneath a 1500 m thick sequence of Cretaceous shale.  The target reservoirs, the Weber Sandstone and Madison Limestone, with 
thicknesses of greater than 200m and 75m respectively, are located at depths where pressures are well above the critical point of 
CO2.   Seismic data reveal that the structure of the RSU creates an ideal trap for buoyant supercritical CO2.  The target reservoirs 
currently contain high salinity sour brines (35,000-80,000 ppm) with little or no economic value.  Reservoir continuity inferred 
from well logs and cores and high average measured porosity (10%) and permeability (10-75 md) led to initial screening 
estimates on the order of 26 billion tons of CO2 for the storage capacity of the structure.   
This paper focuses on calculations that will help to refine the initial capacity estimates through the use of high 
resolution multiphase numerical models.  First we present an analysis using a system level simulator, CO2-PENS, to differentiate 
between two injection depths in the Weber on the basis of the costs associated with on-site drilling and pipelines for a range of 
permeabilities.  The deeper site is analogous to the subsurface near the Jim Bridger Power Plant (JBPP), while the shallower site 
is analogous to the crest of the RSU.  Results of this analysis show that deeper injection may be more cost effective.  Next, we 
develop a 3-D computational hydrostratigraphic model and simulate injection of CO2 near the Jim Bridger Power Plant.  Utilizing 
existing seismic and wellbore data, a geologic framework model has been created in EarthVision (i.e., 3D model building and 
visualization software).  From this model, hydrostratigraphic units were extracted and a 3-D computational mesh for a 16 x 16 
km section of the RSU structure was constructed.  This model is used to simulate injection of 80% of the total CO2 emissions 
from the 2.1 GW JBPP (483 kg/s or 15 Mt/year) into the Weber formation for two cases.  The first case assumes a very high 
permeability in the Weber and needs only one injection well, while the second case assumes a lower permeability and uses 9 
injection wells.  The major differences between these two examples are the amount of CO2 that dissolves into the formation 
brines and the areal extent of the resulting plumes.  Because the low permeability case requires more injectors, the injected CO2 
is exposed to a larger volume of reservoir rock and leads to a higher percentage of the total injected CO2 being dissolved in the 
formation water.  The focused injection for the high permeability case leads to more CO2 remaining in the supercritical state and 
longer up-dip transport.  Finally, both cases show that both diffusive and advective transport into the surrounding strata may 
significantly increase the storage potential of the RSU. 
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1. Introduction 
The implementation of geologic sequestration of carbon dioxide (CO2) on an industrial scale in the United States 
is now almost guaranteed.  Recent legislation included in the Emergency Economic Stabilization Act, signed into 
law in October 2008, sets a tax credit of $20 per metric ton for CO2 that is captured at a qualified facility and 
disposed of in secure geological storage [1].  The bill further states that by definition, a qualified facility must be 
capable of capturing not less than 0.5 x 106 metric tons of carbon dioxide during the taxable year.  Thus, large CO2
emitting power plants are prime candidates to be converted to allow capture of CO2 and subsequent sequestration.  
Ideally, a secure geologic storage site would be co-located with the source industry (i.e., a coal burning power plant) 
to minimize pipeline and infrastructure costs [2].   
Figure 1.   Northwest facing view of the geologic model of the Rock Springs Uplift with the location of the Jim 
Bridger Power Plant cut-out (intersection of the lines of red and blue dots).  Depth is labeled in feet, 
while x and y coordinates are in meters.   
The Wyoming State Geological Survey (WSGS) has identified a large potential geological CO2 sequestration site 
in the Rock Springs Uplift (RSU) of southwest Wyoming, collocated with the Jim Bridger Power Plant (JBPP).  The 
2.1 GW JBPP has the largest carbon footprint in Wyoming and generates approximately 18 million tons of CO2 per 
year.  The RSU is a doubly-plunging anticline with dimensions of 55 x 80 km.  The injection intervals of interest, 
the highly permeable and porous Weber sandstone (thickness > 200 m) and underlying Madison Limestone 
(thickness > 75 m), are located beneath a 1500 m thick sequences of Cretaceous shale that should provide an 
effective seal for injected CO2 (Figure 1).  The depth to the bottom of the most prominent sealing unit, the 
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Chugwater formation, ranges from approximately 1950 m at the crest of the RSU, to more than 3350 m near the 
JBPP, thus CO2 injected into the Weber and Madison will remain in the supercritical state with virtually no 
possibility of phase-change to a much more highly buoyant, low density gas phase [3].  The formation waters 
located in the Weber and Madison are quite saline (>> 10,000 ppm), with concentrations that preclude use as 
drinking water. Finally, the in-situ conditions (temperature, pressure, and rock/fluid chemistry) will allow the 
reservoir to accept large amounts of CO2 without incurring damage [4].  Because the RSU is located in a fossil 
energy producing region of Wyoming, much data on the units of interest is available from existing oil and gas well 
logs, core samples and formation tests [5].  Data suggest that faults in the RSU are seals with respect to fluid 
migration [6], and that the permeability of both the Weber and Madison are compartmentalized in fairly large areas.  
Furthermore, data suggest that the Chugwater formation provides an effective seal against upward fluid migration 
into the overlying Cretaceous rocks of the Nugget, Morrison, and Dakota formations [7]  
Calculations performed to estimate the capacity of the Weber and Madison formations yielded estimates of 
1.8x1010 and 8 x109metric tons respectively (Surdam and Jiao, 2007).  Assumptions inherent to these estimates are  
1) 30% of the average available porosity of 10% is filled with CO2, 2) the CO2 remains within a given 
hydrostratigraphic unit, 3) temperature and pressure are constant throughout the model domain, and 4) flat lying 
reservoirs and cap-rocks [8].  Although these estimates are acceptable for very rough screening calculations, they 
cannot capture the complexities of three-dimensional flow and transport with dissolution, dipping geological units, 
and variable pressures and temperatures leading to changes in density and viscosity of both brine and CO2.
In the following sections, we first present an estimate of the number of wells and costs associated with injecting 
CO2 from the JBPP into the Weber formation for two cases, one shallow as near the crest of the RSU, and one deep, 
as found near the JBPP.  Finally, we describe development of a 3-D numerical model of a subsection of the RSU 
located near the JBPP and discuss how results from simulations on this model leads to a more detailed 
understanding of possible flow and transport issues surrounding the injection of CO2 into the Weber formation of 
the RSU.   
2. Scoping calculations for Weber injectivity using CO2-PENS  
Following the logic and methodology described in Stauffer et al. [9], we calculate the number of wells required to 
inject 80% of the CO2 emissions of the JBPP (483 kg/s) into the Weber formation at two locations.  The first 
location is at the crest of the RSU, where the depth to the Weber is approximately 1900 m at a temperature of 65° C.  
The second location corresponds to the location of the JBPP where the Weber is approximately 3600 m deep with a 
temperature of 107° C.   
A                B
Figure 2.  A) Permeability and B) porosity distributions used in the CO2-PENS injectivity analysis. 
The maximum injection pressure allowed for these cases were 29 and 55 MPa respectively, while the initial 
pressure was assumed to be 18.5 and 36 MPa.  Drilling data from Wyoming were used to adjust the drilling costs to 
average $886k/km with a standard deviation of 10% [10].  For both of these calculations, the Weber was assumed to 
be 225 m thick with a standard deviation of 10%.  The permeability and porosity distributions used are shown in 
P.H. Stauffer et al. / Energy Procedia 1 (2009) 2717–2724 2719
4 Author name / Energy Procedia 00 (2008) 000–000 
Figure 2.  The results from this system-level analysis show that fewer wells will likely be needed to inject the CO2 in 
the deeper site, and also give a slight advantage in present value costs to the deeper injection site (Figure 3).   
A B
Figure 3.  Shallow and deep Weber injection cases showing: A) the number of wells needed to inject 15.2 Mt CO2/yr
and B) the present value costs for drilling and surface pipelines to connect the injection wells including 
maintenance.   
3. Generation of the 3-D computational hydrostratigraphic model  
Following the logic and methodology outlined in Miller et al. [11], we used a geologic framework model of the 
RSU to create a numerical mesh on which we have built a computational hydrostratigraphic model that maintains 
sharp material interfaces between the units of interest. In our model, the Voronoi volume elements are aligned to 
follow the curvature of the unit interfaces and do not stair-step in the manner of a traditional finite element grid.  
This allows more accurate calculation of CO2 moving along the caprock in the up-dip direction. The numerical 
model presented in this paper is located near the JBPP, and consists of a block that is 16km x 16km in map view, 
with the elevation extending from sea-level to 3600 m below sea-level (mbsl)  (Figure 4).  Grid spacing is 200m in 
the X and Y directions, and variable in the vertical direction, with 255,879 nodes and 1.6 million volume elements.    
Simulations of CO2 injection are run on the Los Alamos National Laboratory multiphase porous flow simulator, 
FEHM [12].  FEHM has been used successfully for many multiphase applications including isotopic fractionation in 
the vadose zone, methane hydrate dissolution and transport, geothermal energy analysis, and simulations of CO2
injection into saline aquifers [9,13-16].  The CO2 equations of state are built into a lookup table that can capture the 
transition from supercritical fluid to liquid/gas across the region of discontinuous derivatives.  Solubility of CO2 in 
brine is determined using the model of Duan and Sun [17].   
Initial conditions for the domain include a geothermal gradient of 26.4° C/km with a bottom temperature of 158° 
C and a top temperature of 63° C, and a hydrostatic pressure gradient  ranging from 20 MPa at sea-level to 54.15 
MPa at the bottom of the domain.  Further simplifying assumptions for the 3-D injection calculations are that 
thermal conductivity of the rocks is constant at 0.5 W/ (m K), rock density is constant at 2650 kg/m3, porosity of all 
rocks is 10%, and heat capacity is constant at 1000 J/ (kg K).  Relative permeability for all rocks is assigned residual 
saturation of 10% for both brine and CO2, using a linear relationship.  Capillary pressure effects are ignored; brine 
TDS are constant at 20,000 ppm for all formations, and water viscosity is calculated independently of brine content 
or dissolved CO2. We set initial dissolved CO2 concentration to zero, as a bounding calculation; however some data 
suggest that the in-situ concentration of dissolved CO2 in the Weber formation brines may be greater than zero. 
Permeability values used in the simulations are shown in Table 1 [18].  
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Figure 4 A) Cross-section of the hydrostratigraphic model showing the map view location of the JBPP.  B) 
Zoomed in view of the numerical mesh in the region of interest for injection into the Weber sandstone.  Grid spacing 
in B is 200 m in the horizontal direction.    
4. Example simulations:  Injection into the Weber Sandstone 
We next present results from two CO2 injection scenarios for the Weber formation, one assuming that the Weber 
has low permeability, and one assuming that the Weber has high permeability.  For the low permeability case, we 
chose 1/10 of the maximum value reported in the data (7.4 x 10-15 m2), while for the high permeability case we 
chose the maximum value reported (7.4 x 10-14 m2).  Because we do not wish to exceed the hydrofracture pressure, 
the rate at which a given well can inject is limited.  These limits are estimated from the CO2-PENS analysis and 
used to guide the amount of CO2 injected in the two 3-D simulations.   
For the low permeability case, this requires 9 wells distributed at the down-dip end of the domain arranged with 
2km spacing, while for the high permeability case, we can inject all the CO2 into a single well, as shown in Figure 5.  
The far-field vertical boundaries along x=0 and y=0 are held at constant initial pressure, while the boundaries at 
x=16km and y=16km are set to no-flow to mimic the behavior of a sealed compartment on the down-dip side of the 
domain.  The constant initial pressure boundaries are representative of reservoir maintenance that would require 
removal of brine to keep total pressure within an acceptable range.  
The injection rate for these simulations is 483 kg/s, comparable to the recoverable CO2 coming off of the 2.1 GW 
JBPP.  All CO2 is injected at 45C, chosen to give a thermal contrast to the injected fluid.  The depth of the injection 
points ranges from 2342 mbsl at the up-dip injector (x=9000,y=9000 in the model coordinates shown on Figure 5) to 
2949 mbsl at the injector located at x=13000, y=13000.    
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Table 1
Formation Permeability (m2)
Baxter Shale      1 x 10-17
Frontier        1 x 10-17
Mowry Shale 1 x 10-17
Dakota          2 x 10-15
Morrison        1 x 10-15
Entrada 2 x 10-14
Nugget          1 x 10-15
Chugwater 1 x 10-17
Phosphoria      4 x 10-16
Weber           variable
Amsden          1 x 10-17
Madison         1 x 10-14
Bedrock         1 x 10-18
A B
Figure 5. Supercritical CO2 fractional saturation on a plane approximately following the top of the Weber after 1 
year of injection, for A) the low permeability case and B) the high permeability case.   
5.  Results 
After one year of injection, the distribution of CO2 is markedly different for the two cases, with the single injector 
simulation having a higher maximum CO2 saturation (90% versus 75%) because buoyancy is causing more CO2 to 
pool at the interface between the Weber and the Phosphoria, which is acting as a cap-rock on this time-scale (Figure 
5).  After 5 years and 76.1 Mt CO2 injected, the high permeability case has a much lower fraction of the injected 
mass dissolved in the brine (14% versus 79%) because the CO2 injected from the single injector is moving through a 
much smaller volume of the domain, allowing less contact between supercritical CO2 and formation water that is 
undersaturated with respect to CO2.  Additionally, as shown in Figure 6, the single injector case leads to greater flow 
up-dip because of 1) increased local CO2 saturations, 2) the fact that relative permeability is higher at higher 
saturations, and 3) higher intrinsic permeability.   
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Figure 6.  Supercritical CO2 fractional saturation after 5 years of injection on a vertical plane going through (0,0) 
and (16km,16km) for A) the low permeability case and B) the high permeability case..  Vertical 
exaggeration is 5x.   
Figure 7 shows that as time progresses, the capping ability of the Phosphoria is reduced due to invasion of CO2
and rise in relative permeability, leading to a significant fraction of the injected CO2 migrating to the boundary 
between the Phosphoria and the Chugwater.  This figure also shows that some CO2 migrates downward due to the 
pressure of the injection interval into the Madison, moving through the low permeability Amsden formation.  Once 
in the higher permeability Madison, the CO2 migrates pools at the interface between the Amsden and the Madison 
and begins to migrate up-dip toward the fixed pressure far-field boundary.    
A B
Figure 7.  Supercritical CO2 saturation on a vertical plane going through (0,0) and (16km,16km) after 100 years of 
injection for A) the low permeability case and B) the high permeability case.  The bulk of the plume in 
both cases is found in the Weber formation.  The Chugwater formation contains yellow to orange colors 
at the top of the CO2 plume.  The thin dark blue grid horizon below the bulk of the red plume is the 
Amsden formation.  Spacing of the grid corresponds to Figure 4 which can be used for further 
clarification of the unit boundaries.  Vertical exaggeration is 5x. 
6.  Conclusions 
An initial screening using a porosity and permeability distribution for the Weber formation combined with 
drilling cost data for the RSU suggests that sequestration could be less costly at deeper locations as found near the 
Jim Bridger Power Plant.  This result has the added benefit of placing the CO2 at a depth where more geologic seals 
would have to fail for the CO2 to reach the accessible environment.  Using the screening calculations as a guide, we 
have shown how complex 3-D calculations of CO2 injection into the Weber formation near the JBPP can be used to 
understand the likely distribution and migration pathways in the subsurface of the Rock Springs Uplift. 
Interestingly, the lower permeability injection case leads to a much higher percentage of dissolved CO2 in the 
system because of the greater volume of formation water that is contacted when using nine injectors instead of a 
single injector.  The additional storage potential of surrounding strata was not included in the initial estimates for the 
Weber formation and our calculations suggest that it could be possible for additional CO2 to be sequestered by 
including advective transport and diffusion into the units surrounding the Weber formation.  However, these results 
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are preliminary and do not include known heterogeneity in the Phosphoria that allow the formation to act both as a 
seal for the Weber and a source rock in some locations.    
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